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@ Weight checker-sorter. 

(g) A weight checker-sorter successively weighs 
products each expected to contain a specified 
number of articles all weighing about the same, 
and uses a standard weight value (W b ) to deter- 
mine whether weighed products each contains 
the intended number of articles. Measured 
weights of products within a predefined range 
are stored. The standard weight value is up- 
dated frequently by averaging a specified plural 
number of most recently stored weights. 
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This invention reiates to a weight checker-sorter, 
which is an apparatus for weighing products intended 
to contain a specified number of articles to thereby 
determine whether each weighed product contains 
more or less than the specified number of the articles 
and to sort the weighed products accordingly. 

When products to be sold are in the form of a box 
or a package containing a specif ied number of arti- 
cles, it has been known to make use of a weight 
checker-sorter such as described in Japanese Utility 
Model Publication Jikko 3-1101 to examine whether 
each product actually contains the specified number 
of the articles. As schematically shown in Fig. 6, such 
a weight checker-sorter may include a sorting con- 
veyer 2 (serving as a sorter) disposed on the down- 
stream side of a weighing conveyer 1 (serving as a 
weigher). A pusher 2a disposed near the sorting con- 
veyer 2 is adapted to push each product A off the sort- 
ing conveyer 2 if it is determined not to contain a pre- 
selected intended number of articles a. 

Having measured the weightof the product A, the 
weighing conveyer 1 outputs a weight signal wi indi- 
cative of the measured weight value Wj to a judging 
means 3, as shown in Fig. 7. The judging means 3 
compares the weight value W ( with a standard value 
W b stored in a memory means 4. If the difference (W r 
W b ) is within an allowable limit, the weighed product 
A is considered to have "passed" the test. If the dif- 
ference is not within the allowable limit, it is conclud- 
ed that the number of the articles contained in the 
product A is either too large or too small, and a defect 
signal d is outputted from the judging means 3 to the 
sorting conveyer 2. 

The standard value W b is initially inputted from a 
keyboard 5 but is thereafter updated by an updating 
means 10, which includes a memory means 11 and an 
averaging means 12. The memory means 11 serves 
to successively store measured weight values W { of 
products A which have been considered by the judg- 
ing means 3 as having "passed" and the averaging 
means 12 serves to calculate a simple average of a 
plural number n of weight values W 1f W 2 , ... , W n and 
to obtain therefrom an average value W a . Thereupon, 
the updating means 10 outputs a standard value sig- 
nal w b to cause the average value w a to be stored in 
the memory means 4 as the new standard value W b , 
thereby updating the standard weight value. 

The weight of the articles a shown in Fig. 6 
changes gradually during their production process 
due to variations in the ambient temperature and pro- 
duction errors. As a result, there are fluctuations in 
the measured weight W| of the products A. The prior 
art technology described above teaches how to adjust 
to such fluctuations by introducing a new standard 
weight value through an averaging process on earlier 
obtained weight values W f . 

The weight W, of the products A, however, does 
not always change gradually. When articles from a 



new lot have been introduced or when the production 
process has been interrupted, for example, the 
weight Wi of the product A may change suddenly. 
Consider the process shown in Fig. 8(a), for example, 

5 of filling containers 51 with a semi-liquid L from a hop- 
per 50. The hopper 50 may be provided with a screw 
conveyer 52 for delivering a fixed amount of the semi- 
liquid L into the container 51 placed below. The hop- 
per 50 may be provided also with a level sensor 53 

10 such that, as soon as the top level of the semi-liquid 
L in the hopper 50 drops below its level, semi-liquid 
Lfrom the next lot is dropped inside the hopper 50 as 
shown in Fig. 8(b). This causes an increase in the 
pressure near the bottom outlet 54, and the amount 

15 of the semi-liquid L delivered into the container 51 in- 
creases suddenly, as shown also in Fig. 8(b). As a re- 
sult, both the article weight and the product weight 
not only change gradually but also increase suddenly, 
as shown by solid lines in Figs. 3(a) and 3(b). 

20 In such a situation, the measured product weight 

W, may become greater than the allowable upperlimit 
(which is the sum of the standard W b and the weight 
a of a single article, or W b +a) although the product 
may in fact be containing the specified number of the 

25 articles. In other words, the prior art technology can- 
not adjust quickly enough to a situation where there 
is a sudden change in the article weight. 

In accordance with the present invention, a 
weight checker-sorter comprises a weighing means 

30 for weighing a product expected to contain a specified 
plural number of articles; judging means for determin- 
ing whether or not said product, weighed by said 
weighing means, contains said specified plural num- 
ber of said articles by comparing a measured weight 

35 value obtained by said weighing means and a current 
standard value; weight memory means for storing 
weight values of products which have been consid- 
ered acceptable by said judging means; updating 
means for calculating a new standard value from a 

40 plurality of weight values stored in said weight mem- 
ory means; and sorting means for sorting products 
weighed by said weighing means according to deter- 
minations by said judging means and is characterised 
in that said updating means includes averaging 

45 means for calculating an average once every n' times 
as new weight values are stored in said weight mem- 
ory means, said average being of the n most recently 
stored values, n and n' being integers, and n being 
greater than n\ 

so The present invention provides a weight checker- 
sorter of the type forjudging whether a given product 
contains an intended number of articles or not from 
the measured weight of the product, capable of ad- 
justing itself quickly when there is a sudden change 

55 in the article weight such that sorting can be effected 
with improved accuracy. 

Thus, the weight checker-sorter comprises 
means for calculating an average of a certain plural 
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number (= n) of weight values which have most re- 
cently been measured and determined to be within a 
required range and hence "acceptable". Such aver- 
age values are calculated once every n* times such 
an acceptable weight is measured where n' is an in- 
teger smaller than n. 

The principle of this invention will be explained 
next with reference to Figs. 3(c) and 3(d). Let us as- 
sume that products, all expected to contain a speci- 
fied plural number of articles of approximately the 
same weight, are successively being weighed. Meas- 
ured weights which are within a certain range and 
hence considered acceptable are successively stored 
such that n of those weight values which were most 
recently stored are always available. At any moment, 
let Wi denote the weight value which was most re- 
cently stored as being acceptable, and let generally 
Wj (j being a dummy index 2, ... n) denote the weight 
valued stored jth most recently. Every time a meas- 
ured weight value is found to be acceptable and stor- 
ed as W, , an average W a of the n most recently stored 
weight values, inclusive of which has just been 
measured and stored, is calculated by a predeter- 
mined averaging formula or algorithm and is used as 
the new standard weight. When the next product is 
weighed, its weight value is compared with this updat- 
ed standard weight and determined whether it is ac- 
ceptable or not. In other words, the standard weight 
value is updated as soon as a product is-weighed and 
determined to be acceptable. Thus, as shown in Figs. 
3(c) and 3(d), the standard weight W b changes quickly 
as the weight of individual articles, and hence also 
the weight of a product suddenly increases. 

The accompanying drawings, which are incorpo- 
rated in and form a part of this specification, illustrate 
an embodiment of the invention and, together with 
the description, serve to explain the principles of the 
invention. In the drawings: 

Fig. 1 is a schematic structural diagram of a 
weight checker-sorter according to a first em- 
bodiment of the invention; 
Fig. 2 is a flow chart for the operation of the 
weight checker-sorter of Fig. 1; 
Fig. 3(a) is a graph for showing an example of the 
way article weight may change as the articles are 
produced, Fig. 3(b) is a graph for showing the way 
product weight may change corresponding to the 
change in article weight shown in Fig. 3(a) if a pri- 
or art checker-sorter is used, and Figs. 3(c) and 
3(d) are graphs which show the change in prod- 
uct weight if use is made of a weight checker-sor- 
ter according to a first embodiment of the inven- 
tion; 

Fig. 4 is a schematic structural diagram of a 
weight checker-sorter according to a second em- 
bodiment of the invention; 
Fig. 5 is a flow chart for the operation of the 
weight checker-sorter of Fig. 4; 



Fig. 6 is a schematic plan view of a weight check- 
er-sorter in general; 

Fig. 7 is a schematic structural diagram of a prior 
art weight checker-sorter; and 
5 Figs. 8(a) and 8(b) are schematic drawings for 

showing an example of machine for producing ar- 
ticles. 

In these figures, components which are the 
same, or at least substantially similar, are indicated 
10 by the same numerals such as the weighing conveyer 
1. 

The invention will be described next byway of ex- 
amples. In Fig. 1 , which shows a weight checker-sor- 
ter according to a first embodiment of the invention, 

15 numeral 10 indicates a standard value updating 
means contained within a microcomputer 6 compris- 
ing a memory means 11 for storing at least a prede- 
termined plural number (= n) of weight values which 
have been measured, an averaging means 12A for 

20 carrying out an averaging process, a recording 
means 13, a retrieving means 14 and a standard val- 
ue controlling means 15, to be explained below. This 
weight checker-sorter is different from the prior art 
weight checker-sorter shown in Fig. 7 only in the stan- 

25 dard value updating means 10. So, Fig. 1 will be ex- 
plained next mainly regarding the standard value up- 
dating means 10. 

When the recording means 13 of Fig. 1 receives 
from the judging means 3 a weight signal W| corre- 

30 sponding to the weight value W ( of a product which is 
"passed" by the judging means 3, this weight value Wj 
is stored at the area in the memory means 11 where 
the oldest of the weight values currently in the mem- 
ory means 11 is stored. Whenever a new weight value 

35 W, is thus stored by the recording means 13 in the 
memory means 11, the retrieving means 14 retrieves 
from the memory means 11 the predetermined plural 
number n of weight values W p (p = 1, ... n) which were 
stored most recently (inclusive of the value which has 

40 just been stored to initiate this retrieving operation) 
and to output weight signals w p (p = 1 , ... n) indicative 
of these n weight values W p (p = 1 , ... n) to the aver- 
aging means 1 2A. Throughout herein, W 1 denotes the 
weight value most recently stored in the memory 

45 means 11 , W 2 denotes the second most recently stor- 
ed weight value, and so on at any given time. 

Having thus received the n weight signals w p , the 
averaging means 12A calculates an average value W a 
from the n most recently stored weight values. The 

so average value W a may be obtained by the following 
simple averaging formula: 

W a = (W n + .» + W 2 + W,)/n. (1) 
Alternatively, W a may be a weighed average and 
some of the weight coefficients may even be zero. In 

55 other words, expressions like "average" and "averag- 
ing" should be very broadly interpreted within the 
context of this invention. 

The average value W a calculated by the averag- 
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ing means 12Ais outputted to the standard value con- 
trolling means 15 by an average value signal w a . The 
standard value controlling means 15 checks whether 
the average value W a is between a lower limit value 
wb mjn and an upper limit value Wb max and to output 5 
one of these three values (W a , Wb mfn and Wb max ) to 
a memory means 4 by a standard value signal w b , as 
will be explained more in detail below, thereby replac- 
ing the currently stored standard value W b . 

A control program for carrying out the process 10 
described above wilt be explained more in detail be- 
low with reference to the flow chart shown in Fig. 2. 
After the program is started (Step S1), a product on 
the weighing conveyer 1 is weighed (Step 2), and a 
weight signal w, indicative of its measured weight val- 1 5 
ue Wj is outputted to the judging means 3. The judging 
means 3 then determines whether this weight value 
Wj is within a predefined range between (W b - P) and 
(W b + a), that is, whether it "passes" or not as an ac- 
ceptable product (Step S3). If it does not pass, it is 20 
sorted out and immediately discharged (Step S5). If 
it passes, the recording means 13 causes this weight 
value W| to be stored in the memory means 11 as the 
most recently measured value W 1f replacing the old- 
est of the memory values then stored in the memory 25 
means 11 (Step S4). 

Next, the n most recently stored weight values 
W n , ... W 2 , (that is, inclusive of the weight value 
which has just been stored as \N A in Step S 4 ) are re- 
trieved and an average value W a is calculated there- 30 
from by a predefined averaging formula or algorithm 
(Step S6). If W a is determined to be smaller than a pre- 
defined lower limit value Wb mjn (NO in Step S7) or 
greater than a predefined upper limit value Wbmax 
(YES in Step S7 or NO in Step S9), W a is replaced re- 35 
spectively by wb min (Step S8) or Wb max (Step S1 0) be- 
fore W a is stored as the new standard weight value, 
replacing the old standard value W b thereby (Step 
S11), and ending the program (Step S12). In summa- 
ry, since the standard weight value W b is updated ev- 40 
ery time a newly measured weight value is "passed" 
as shown in Figs. 3(c) and 3(d), the weight checker- 
sorter thus controlled can quickly adjust itself to a 
sudden large change in the measured weight and 
hence the sorting can be effected with improved ac- 45 
curacy. 

It is not necessary according to the present in- 
vention, however, that the averaging process for ob- 
taining a new weight value W a and the updating of the 
standard weight value W b be carried out each time a so 
weighed product "passes" as acceptable. It is still 
within the scope of the invention if the aforemen- 
tioned steps of obtaining a new weight value W a and 
replacing therewith the current standard weight value 
W b are carried out once every n' times where n' is an 55 
integer smaller than n. It is also to be noted, as re- 
minded above, that the averaging does not necessar- 
ily mean calculating a simple average by Formula (1). 



As a special example, the "average" weight value W a 
of n earlier obtained weight values W p (p = 1, ... n) 
may be obtained by eliminating the largest and the 
smallest of them and then taking the simple average 
of the remaining weight values. 

Figs. 4 and 5 are referenced next to describe a 
weight checker-sorter according to another embodi- 
ment of the invention characterized in that its averag- 
ing means 12A includes a correcting means 16. When 
the difference between weight values Wj and Wj+ t , 
which are respectively the weight value stored in the 
memory means 11 jth and G + 1)st most recently, is 
greater than a predefined difference value AW, this 
correcting means 16 corrects the value W a and ob- 
tain a corrected value Wa t as follows: 

W a1 = W a + £Cj(Wj - Wj.,) (2) 
where Cj are correction coefficients such that Cj > 
Cj»t. 

The correction method described above is ex- 
plained next with reference to the flow chart of Fig. 5, 
in which the first six steps (Steps S1 - S6) are the 
same as in Fig. 2. After the average value W a is cal- 
culated (Step S6), the program compares the jth and 
(j+1 )st most recently stored weight values Wj and W^ 
to determined whether their difference is greater 
than the predefined difference value AW or not (Step 
20). This difference value AW may be set by multiply- 
ingaorpbya number smaller than 1. If the difference 
is smaller than the difference value (NO in Step S20), 
the newly calculated average value W a is itself used 
as the corrected average value W a1 (Step S21). If the 
difference is equal to or greater than AW (YES in Step 
S20), the corrected average value W a1 is calculated 
by Formula (2) given above (Step S22). Steps S7A- 
S10A are the same as Steps S7-S10 of Fig. 2, and 
hence will not be explained again. 

In summary, the average value W a is corrected 
by the measured values Wj and Wj^ obtained j and 
(j+1) times earlier, that is, by the recent change in the 
measured value (Wj - W^). Thus, it is possible to re- 
spond more quickly to sudden changes in the weight 
of products. 

Although the invention has been described 
above with reference to only a limited number of ex- 
amples, these examples are not intended to limit the 
scope of the invention. Many modifications and vari- 
ations are possible within the scope of the invention. 
For example, Formula (2) given above may be re- 
placed by Formula (3) given below: 

W a1 = W a + A(W 1 - W,.) «■ B (3) 
where A and B are constants, and the judging means 
3 will compare the absolute value of (W a - W-,) with 
AW in Step S20 of Fig. 5. 

Although it was shown in each of the examples 
described above that the standard value control 
means 1 5 of Fig. 1 controls the upper and lower limits 
of the standard value W b , it may equally well control 
the upper and lower limits of allowable upper and low- 
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er limits W b + a and W b - p. Moreover, weighing and 
sorting means need not comprise a weighing convey- 
er and a sorting conveyer, respectively. 

In summary, this invention teaches the introduc- 
tion of a standard value control means to a weight 
checker-sorter and hence the standard value can be 
updated quickly when there is a sudden change in the 
weight of a product As a result, sorting of products 
can be effected with improved accuracy. 



Claims 



er than said upper limit value W (bmax) , said updat- 
ing means defines said lower limit value (W^) 
as said new standard value if said average is 
smaller than said lower limit value, and said up- 
5 dating means defines said upper limit value W. 

(bmax) as said new standard value if said average 
is larger than said upper limit value. 

6. The weight checker-sorter of any of the preced- 
10 ing claims, further comprising a standard value 

memory means (4) for storing said current stan- 
dard value. 



1. A weight checker-sorter comprising a weighing 
means (1) for weighing a product expected to is 
contain a specified plural number of articles; 
judging means (3) for determining whether or not 
said product, weighed by said weighing means 

(I) , contains said specified plural number of said 
articles by comparing a measured weight value 20 
(W|) obtained by said weighing means and a cur- 
rent standard value (W b ); weight memory means 

(II) for storing weight values of products which 
have been considered acceptable by said judging 
means (3); updating means (10) for calculating a 25 
new standard value from a plurality of weight val- 
ues stored in said weight memory means; and 
sorting means (2) for sorting products weighed 

by said weighing means (1) according to determi- 
nations by said judging means (3); characterised 30 
in that said updating means (10) includes averag- 
ing means (12A) for calculating an average once 
every n' times as new weight values are stored in 
said weight memory means (11), said average 
being of the n most recently stored values, n and 35 
n' being integers, and n being greater than n\ 

2. The weight checker-sorter of claim 1, wherein 
said averaging means (12A) performs a simple 
average of said n weight values. 40 



7. The weight checker-sorter of any of the preced- 
ing claims, wherein said averaging means in- 
cludes correcting means (16) for correcting the 
value of said average to take into account of ef- 
fects of sudden changes in said weight values. 

8. The weight checker-sorter of claim 7, wherein 
said correcting means (16) corrects said average 
by the formula: 

W a1 = W a + 20^ - W j+1 ) 
where W a and W a1 are the values of said average 
before and after correction, respectively; Wj is 
the jth most recently stored of said n weight val- 
ues, j being a dummy index between 1 and (n-1 ); 
2 being a summation over such values of j for 
which the absolute value of (Wj - W^) is greater 
than a predefined difference value; and Cj are 
predefined coefficients such that Cj > Cj+v 



3. The weight checker-sorter of claim 1, wherein 
said averaging means (12A) performs a weighted 
average of said n weight values. 

45 

4. The weight checker-sorter of any of claims 1 to 3, 
wherein said updating means checks whether or 
not said average (W a ) is greater than a prede- 
fined lower limit value (W bmin ) and whether or not 
said average is smaller than a predefined upper so 
limit value W (bmax) , and accordingly defines said 
average, said lower limit value or said upper limit 
value as said new standard value. 



The weight checker-sorter of claim 4, wherein 55 
said updating means defines said average (W a ) 
as said new standard value if said average is larg- 
er than said lower limited value (W bmln ) but small- 



EP 0 605 164 A2 



Fig.1. 



1 



SORTING 
CONVEYER 



1 



1 



wi 



WEIGHING 
CONVEYER 



JUDGING 
MEANS 



13 



1 



-WI 




RECORDING 

MEAN S 
1 ~ 



UPDATING 
MEANS 



wb. 



Wi 



11 





Wa 




W2 


Wi 





15 



STANDARD 
VALUE 

CONTROL 
MEANS 



-Wi 



RETRIEVING 
MEANS 



T 



,WI 



14 



wa 


12A 

/ 


AVERAGING 
MEANS 



6 



EP 0 605 164 A2 



Fig.2. 



S5. 



DISCARD 



S8 



1 



( START 



S1 







WEIGH A 


PRODUCT 



-S2 




STORE Wi AS W1 

I 



CALCULATE AVERAGE wT"[ -^ 



S6 



Wa = Wb M IN 




S10 



Wa = Wb MAX 



UPDATE STANDARD VALUE 



S11 



( END - 



S12 



7 



EP 0 605 1 64 A2 



Fig. 3(a) 

PRODUCT 
WEIGHT 



Fig.3(b) 

PRODUCT 1 
WEIGHT 



I 

LOT CHANGE 



Wa ... Wb+a .... 
W 1 / ^.Wi 



Fig.3(c) 

PRODUCT 
WEIGHT 



Fig.3(d) 

product' 

WEIGHT 



Wa W1 N /Wb+a 



PRODUCTION 
OF ARTICLES 




PRODUCTION 
OF PRODUCTS 



Wa W1 


,Wb+a 






£#-Wb 1 l 


ill 




^Wb-0 









PRODUCTION 
OF PRODUCTS 




PRODUCTION 
OF PRODUCTS 



EP 0 605 164 A2 



Fig.4. 





SORTING 
CONVEYER 



WI 



WEIGHING 
CONVEYER 



JUDGING 
MEANS 



13 





RECORDING 
MEANS 



I 



UPDATING 
MEANS 



wb 



s 



11 





Wa 




W2 


Wi 





15 



STANDARD 
VALUE 

CONTROL 
MEANS 



wa 



Wi 



J 



wi 



RETRIEVING 
MEANS 



16- 



V 



14 



i 



12 A 



AVERAGING 
MEANS 



CORRECTING 
MEANS 



9 



EP 0 605 164 A2 



Fig. 5. 



( START ) 



S1 



WEIGH 



A PRODUCT | 



S2 



NO 



S5. 




DISCARD | 




CALCULATE AVERAGE Wa 



S21 



1 



Wai= Wa 
1 




CALCULATE Wa! 



S22 



S8A 



1 



Wai= WbMIN 




YES 



S10A 

3_L 



Wai = Wb MAX 
I 



UPDATE STANDARD VALUE 



.S11 



( END ) p— 



S12 



10 



EP 0 605 164 A2 




Fig.7. 

(PRIOR ART) 



SORTING 
CONVEYER 



1 



WEIGHING 
CONVEYER 



wi 



JUDGING 
MEANS 




!!5 



Li 



10 



1 



MEMORY 



wb 



\ w j UPDATING MEANS 



MEMORY 



wi 



7 



M" 1 
i_ » 
I 



AVERAGING 
MEANS 



I 



11 



EP 0 605 164 A2 



Fig.8(a) 




12 



12) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(q) Application number: 93310301.2 
(22) Date of filing : 20.12.93 



@ Publication number : 0 605 1 64 A3 

EUROPEAN PATENT APPLICATION 

© Int. CI. 5 : B07C5/32 



(30) Priority : 29.12.92 JP 359933/92 

(43) Date of publication of application : 

06.07.94 Bulletin 94/27 

@ Designated Contracting States : 
w DE FR GB IT 

@ Date of deferred publication of search report : 

19.04.95 Bulletin 95/16 

@ Applicant : ISHIDA CO., Ltd. 
44, Sanno-cho, 
Shogoin, 
Sakyo-ku 

Kyoto-shi, Kyoto 606 (JP) 



(72) Inventor : Tokutsu, Harunori, do Shiga 
Integrated Facility 
Ishida Co., Ltd., 
959-1 Shimomagarai, Ritto-cho 
Kurita-gun, Shiga 520-30 (JP) 

(74) Representative : Skone James, Robert 
Edmund 

GILL JENNINGS & EVERY 
Broadgate House 
7 Eldon Street 
London EC2M 7LH (GB) 



(54) Weight checker-sorter. 

(57) A weight checker-sorter successively weighs 
products each expected to contain a specified 
number of articles all weighing about the same, 
and uses a standard weight value (W b ) to deter- 
mine whether weighed products each contains 
the intended number of articles. Measured 
weights of products within a predefined range 
are stored. The standard weight value is up- 
dated frequently by averaging a specified plural 
number of most recently stored weights. 
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